CONVERSION FACTORS AND VERTICAL DATUM

INTRODUCTION
The most common causes of bridge failures are flood related; consequently, there is a continuing need to evaluate the flood risks associated with the design of highway bridges. Underdesign of bridge structures could result in the disruption of service, costly maintenance, and loss of life; conversely, overdesign could result in excessive costs. One of the major concerns in the design of a new bridge or evaluation of an existing bridge is the susceptibility of bridge piers and abutments to scour from floods. Presently (1995) , the design philosophy and concepts are that bridges should be designed to withstand a superflood (500-year recurrence interval) with little risk of failure (Richardson and others, 1993) . Most of the Missouri Highway and Transportation Department (MHTD) bridges, culverts, road embankments, or levee structure sites have minimal flood data; thus, an adequate technique for estimating flood discharges is essential to the proper design of these structures.
During 1992, the U.S. Geological Survey (USGS), in cooperation with the MHTD, began a discharge-frequency study of rural streams in or near Missouri. As a result, the study provides a technique (in multiple-regression equation form) for estimating flood discharges having recurrence intervals of 2-, 5-, 10-, 25-, 50-, 10G-, and 500-years at gaged or ungaged sites on unregulated streams in rural Missouri.
Purpose and Scope
The purpose of this report is to present an updated set of discharge-frequency equations that can be used to compute flood discharges for unregulated streams in rural Missouri. The scope of the study included: (1) compiling, verifying, and updating annual maximum discharge data and basin and climatic characteristic data at 278 selected streamflow-gaging stations in Missouri, Iowa, Kansas, and Arkansas; (2) defining the flood discharge-frequency curve for each streamflow-gaging station; and (3) developing regression equations for estimating the 2-, 5 , 10-, 25-, 50-, 100-, and 500-year flood discharges at gaged or ungaged stream locations in Missouri. Presented are a summary of the station discharge-frequency data, a general overview of the generalized least-squares (GLS) regression technique used in the study, and the regression equations.
Previous Studies
The first flood-frequency study conducted in Missouri used data collected through 1952 and described a procedure by which the magnitude of floods having recurrence intervals of 1.1 to 50 years can be determined (Searcy, 1955) . A second study used data through 1965, and presented a set of regression equations for recurrence intervals of 1.2 to 50 years that uses two basin characteristics (drainage area and main-channel slope) to estimate the magnitude of floods at ungaged sites with certain drainage-area limitations (Sandhaus and Skelton, 1968) . The third and most recent study, by Hauth (1974) , used rainfall-runoff modeling to extend the limited data available on smaller drainage areas (less than 10 square miles). Using an expanded data base through 1970, Hauth's regression equations for recurrence intervals of 2 to 100 years use drainage area and main-channel slope to estimate the magnitude of floods for drainage areas ranging from 0.13 to 14,000 square miles in rural Missouri.
DISCHARGE-FREQUENCY CURVES
During 1967, the Hydrology Subcommittee of Interagency Advisory Committee on Water Data (formerly the U.S. Water Resources Council) recommended that the log-Pearson Type III distribution be adopted as the standard flood-frequency technique to be used in all Federal planning involving water and related land resources (Hydrology Subcommittee of Interagency Advisory Committee on Water Data, 1982, referred to as Bulletin 17B in this report). This technique, outlined in Bulletin 17B, uses the method of moments to relate annual maximum discharge data to recurrence intervals, where a recurrence interval is the average time interval in years between occurrences of a flood discharge of a given magnitude.
Annual maximum discharge data for 278 selected streamflow-gaging stations having at least 10 years of record were retrieved from the U.S. Geological Survey National Water Data Storage and Retrieval System (WATSTORE) data base (U.S. Geological Survey, 1983) . Locations of these gaging stations are shown in figure 1; 230 are in Missouri, 15 are in Iowa, 10 are in Kansas, and 23 are in Arkansas. Also, the USGS station number and name, period of record used, and a map number ( fig. 1 ) for these stations are listed in table 1 (at the back of this report).
Following procedures outlined in Bulletin 17B, logarithms of the annual maximum discharge data at each streamflow-gaging station were fitted to the Pearson Type III distribution after adjusting for historical data and high outliers (assigning them a longer recurrence interval than the record length) and removing low outliers. Because the station skew coefficient (S, table 1) computed from the discharge data can be biased by the adjustment or removal of a high/low outlier, an accurate computation of station skew requires a long period of record. To reduce possible bias caused by short periods of station discharge data, Bulletin 17B suggests that the skew coefficients computed from station data be weighted (W, table 1) with a generalized skew coefficient interpolated from a map showing lines of equal skew for the entire United States (Hydrology Subcommittee of Interagency Advisory Committee on Water Data, 1982, pi. 1). However, Bulletin 17B recommends that a generalized skew coefficient isoline map be drawn for the study region as a possible alternative method to the generalized skew coefficients from Bulletin 17B. For this study, 180 streamflow-gaging stations with 25 or more years of record (table 1) were used to hand draw a skew coefficient isoline map for Missouri. The isoline map was analyzed to determine if any geographic or topographic deviations from the Bulletin 17B map were apparent. No deviation was apparent, so the map method was not considered further. The use of the map method determined that the generalized skew coefficient map in Bulletin 17B would adequately estimate generalized skew coefficients (G, table 1) for unregulated streams in rural Missouri; therefore, the remaining alternatives were not considered. Dischargefrequency curves for the 278 selected streamflow-gaging stations were defined using Bulletin 17B guidelines, and the resulting flood discharges for recurrence intervals of 2-, 5-, 10-, 25-, 50-, 100-, and 500-years are listed in table 1.
BASIN AND CLIMATIC CHARACTERISTICS
Basin and climatic characteristics for the 278 selected streamflow-gaging stations were retrieved from the WATSTORE data base (U.S. Geological Survey, 1983) . The initial list of basin and climatic characteristics were selected on the basis of availability, ease of computation, and their use in previous discharge-frequency studies in Missouri and adjacent states (Thomas and Benson, 1970, p. 13-26) . The seven basin and climatic characteristics selected for evaluation are:
1. AREA: Drainage area, in square miles. 2. SLOPE: Main-channel slope, in feet per mile calculated as the difference in elevations at points 10 and 85 percent of the distance along the main channel from gage location to basin divide, divided by the distance between the two points. 3. LENGTH: Main-channel length, in miles longest main channel from gage location to basin divide. 4. ELEV: Mean basin elevation, in feet above sea level. 5. FOREST: Forested area, in percent of the drainage area. 6. SOILINF: Soil index, in inches a relative measure of the potential soil water storage. 7. 124,2: Precipitation intensity, in inches maximum 24-hour rainfall expected on an average of once each 2 years.
Soil index values were interpolated from Skelton's (1973, pi. 1) report. The 2-year 24-hour precipitation intensity values were interpolated from Huff and Angel (1992, p. 84) .
To verify WATSTORE values for selected basin characteristics and to supply missing basin characteristic values, comparison measurements at 119 of the 278 selected streamflow-gaging stations (table 2, at the back of this report) were made using geographic information system (GIS) procedures developed by the USGS. Since accuracy of a GIS measured value can be map-scale dependent, the scale of the digital data to be used in the GIS measurements was selected based on drainage-area size. The most detailed sources of digital data, 1:100,000 scale (100K) and 1:250,000 scale (250K), were used where available. To supplement the smaller scale digital data, features were digitized from the most recent 1:24,000 scale (24K) topographic maps for better definition of basin characteristics. The 119 basin boundaries were outlined and digitized into digital maps (ARC/INFO1 coverages), which were used to measure the drainage areas. The longest main channels were determined and digitized into separate digital maps for main-channel slope and main-channel length measurements.
The 24K USGS topographic maps were used as the source for measuring basin characteristics at 57 of the 119 streamflow-gaging stations with drainage areas ranging from about 0.2 to 5.4 square miles. From the 24K topographic maps, the elevation contour lines within the basin boundaries were digitized, creating digital hypsography maps. These maps were converted into rasterized data sets from which the calculated mean of approximately 10,000 grid-cell elevations was used as a measure of mean basin elevation. The forested areas within the basin boundaries were digitized, creating digital forested area maps for forested area calculations.
The 100K USGS digital line graph (DLG) files were used as the source for measuring basin characteristics at 32 of the 119 streamflow-gaging stations with drainage areas ranging from about 9.4 to 920 square miles. The forested area within the basin boundary was measured from the 100K/250K USGS land use/ land cover digital data. The 100K DLG elevation contours were converted into rasterized data sets from o> CO 
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Technique for Estimating the 2-to 500-Year Flood Discharges on Unregulated Streams In Rural Missouri so|)S|je)oejeijo oiieuijio pue ujseg I o which the calculated mean of approximately 10,000 grid-cell elevations was used as a measure of mean basin elevation. However, the 100K DLG hypsography coverage of Missouri presently (1995) is incomplete; therefore, the 250K U.S. Defense Mapping Agency digital elevation models (DEM) were used as a source to complete the missing hypsography coverages.
The 250K DEM data were used as the source for measuring basin characteristics for 30 of the 119 streamflow-gaging stations with drainage areas ranging from about 44 to 11,500 square miles. From these data, the calculated mean of a minimum of 15,000 grid-cell elevations was used as the mean basin elevation. The forested areas within the drainage boundaries were determined from the 100K/250K USGS land use/land cover digital data.
MULTIPLE-REGRESSION TECHNIQUES FOR ESTIMATING FLOOD DISCHARGES
Because limited flood data are available at most MHTD project sites, a technique for transferring flood data from gaged to ungaged locations is needed. A statistical method traditionally used to estimate flood discharges is the multiple-regression technique, which can mathematically relate streamflow characteristics to various basin and climatic characteristics.
The general multiple-regression equation used to formulate a relation is:
where y is a streamflow characteristic, a is a regression constant (intercept), Xj.n are basin and climatic characteristics, and bj.n are regression coefficients. Nonlinear relations between hydrologic (streamflow, basin, and climatic) characteristics frequently are linear if they are transformed to logarithms. Thus, the log-transformed multiple-regression equation becomes log y = log a + bjlog Xj + b2log x2 + b3log x3 + ... +bnlog xn.
This relation is assumed to be linear only within the range of basin and climatic characteristics that defined the equation. The ordinary least-squares (OLS) and GLS multiple-regression techniques are used to develop a set of relations between streamflow characteristics and selected basin and climatic characteristics. A general overview of the OLS and GLS multiple-regression techniques used in this study to develop regression equations for estimating flood discharges having recurrence intervals from 2 to 500 years are presented in the following sections.
Ordinary Least-Squares Regression Analyses
Traditionally, in the case of multiple-regression equations, the regression constants and coefficients and the statistically significant basin and climatic characteristics have been determined from OLS regression analyses. An OLS regression analysis gives equal weight to all streamflow-gaging stations regardless of variations in record lengths or any possible cross-correlation between concurrent station data (Stedinger and Tasker, 1985) .
Basin and Climatic Characteristics
In this study, the basin and climatic characteristics combinations were evaluated by using Statit statistical procedures ALLREG and REGRES (Statware, Inc., 1990, p. 6-2 to 6-10 and 6-22 to 6-27). The ALLREG for all possible subset regression procedure was used to evaluate all basin and climatic characteristics combinations and the minimum Mallows' Cp statistic was used to identify the sets of best-possible combinations. The REGRES multiple linear regression procedure was used to evaluate the ALLREG best-possible combinations and to determine the most statistically significant basin and climatic characteristics combination based on the following selection criteria:
1. All characteristics are statistically significant at the 95-percent confidence level. 2. All regression coefficients are hydrologically valid. 3. The standard error of prediction (press statistic) is minimized. Only drainage area and main-channel slope were statistically significant based on these criteria.
Hydrologic Region Boundaries
The discharge-frequency and basin characteristics (drainage area and main-channel slope) data for 261 of the 278 selected streamflow-gaging stations (table 1) were used to develop 2 to 500-year statewide OLS regression equations. Because the Mississippi Alluvial Plain is predominately an area of drainage ditches, the 17 streamflow-gaging stations in the region (Region III) were not used in the statewide OLS regression analyses. The discharge-frequency and basin characteristics data for these stations also are given in table 1. Each of the 2 to 500-year statewide OLS regression equations residuals were plotted on separate State maps. The residuals are the differences between the station discharge-frequency data and the corresponding OLS regression equation data. For each State map, the magnitude and numerical sign of the residuals were checked for possible regionalizing or regrouping of the residuals.
Physical features within a State or region can have a pronounced effect on the magnitude of floodflows. The state of Missouri includes three major landforms or provinces: Central Lowlands, Ozark Plateaus, and the Mississippi Alluvial Plain (Fenneman, 1938) . Trends in the algebraic signs and magnitudes of the 2-to 500-year statewide OLS regression equations residuals indicated a possible regrouping along physiographic boundaries similar to the three provinces outlined by Fenneman (1938) .
The Central Lowlands (Region I) are characterized by meandering stream channels in wide and flat valleys resulting in long and narrow drainage patterns ( fig. 2 ) with local relief generally between 50 to 150 feet. However, parts of the meandering stream channels have been straightened by channelization projects of the past century. Elevations range from about 600 feet above sea level near the Mississippi River to about 1,200 feet above sea level in the northwest parts of the region.
The Ozark Plateaus (Region II) are characterized by streams that have cut narrow valleys 200 to 500 feet deep, resulting in sharp rugged ridges ( fig. 2 ) that separate streams, with local relief generally ranging from 100 to 500 feet. The drainage patterns are described as dendritic (tree shaped) with main-channel gradients steeper than elsewhere in Missouri, and karst features are locally prominent in much of the region. Elevations range from 800 to about 1,700 feet above sea level with the exception of Crowley's Ridge, where elevations are about 500 feet above sea level. The Mississippi Alluvial Plain (Region III) in southeastern Missouri is a relatively flat area of excellent farmland ( fig. 2) . Virtually all the area is drained by a series of man-made drainage ditches that slope southward at an average of about 1.5 feet per mile. Elevations range from 200 to 300 feet above sea level with local relief seldom exceeding 30 feet.
These three physiographic boundaries are consistent with the flood-region boundaries outlined by Crippen and Bue (1977, p. 6) . Consequently, the State was divided into three hydrologic regions (I, n, and El) that were adjusted to coincide with major basin or sub-basin boundaries ( fig. 1 ). The resulting three sets of 2-to 500-year regional OLS regression equations residuals and standard errors showed significant improvements over the statewide OLS regression equations residuals and standard errors. Stedinger and Tasker (1985) compared the statistical performance of the ordinary, weighted, and
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generalized least-squares regression techniques (models) in situations where the available streamflow data at gaging stations within a study region were of different and varying lengths of record and concurrent flows at different gaging stations are cross-correlated. They found that the GLS regression technique provided (1) more accurate hydrologic characteristic estimates; (2) better estimates of the accuracy with which the regression model's characteristics are being estimated; and (3) almost unbiased estimates of the regression model errors (Stedinger and Tasker, 1985) . Study results outlined in Tasker and Stedinger (1989) document an operational GLS hydrologic regression model that can be used to develop empirical relations (estimating equations) between streamflow characteristics and basin and climatic characteristics. Further details on the development of the GLS regression technique are discussed in Stedinger and Tasker (1985) and in Tasker and Stedinger (1989) .
The computer program GLSNET (W.O. Thomas, A.M. Lumb, K.M. Flynn, and G.D. Tasker, U.S. Geological Survey, written commun., 1993), which uses the GLS methodology, was used in this study to develop a set of GLS regression equations for estimating the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year flood discharges in hydrologic regions (I, II, and III; fig. 1 ). For Regions I and II, the statistically significant basin characteristics of drainage area and main-channel slope are needed for computing these discharges; however, only drainage area is needed in Region III. Three sets of GLS regression equations and their average equivalent years of record are given in table 3. The average equivalent years of record is an estimate of the record length (number of years) required at a stream site to achieve an accuracy equivalent to that of the GLS regression equation.
LIMITATIONS AND ACCURACIES OF REGRESSION EQUATIONS
The GLS regression equations for estimating the 2-to 500-year flood discharges (table 3) should be limited to streams in rural Missouri and should not be used on urban drainages (5 percent or more of the drainage area covered with commercial, industrial, or residential development) or where stream regulation, diversion, or other human activities could have a substantial effect on peak discharge. The three sets of regression equations are valid within the limitations of statistically significant basin characteristics used in their respective regression analyses. The Region I regression analyses were based on 118 streamflowgaging stations with drainage areas ranging from 0.13 to 11,500 square miles and main-channel slopes from 1.35 to 150 feet per mile; Region II regression analyses were based on 143 streamflow-gaging stations with drainage areas ranging from 0.13 to 14,000 square miles and main-channel slopes from 1.20 to 279 feet per mile; and Region III regression analyses were limited to 17 streamflow-gaging stations with drainage areas of 0.48 to 1,040 square miles.
The GLS regression equations have standard errors of estimate ranging from 32 to 43 percent for Region I, 30 to 42 percent for Region II, and 32 to 49 percent for Region III (table 3) . The standard error of estimate is a measure of the variation between the regression equation estimate and the station data used in deriving the regression equation. The standard errors of prediction are a measure of the accuracy of the regression equations when predicting 2 to 500-year flood discharges at ungaged sites.
SUMMARY
Discharge-frequency curves for 278 selected streamflow-gaging stations in Missouri, Iowa, Kansas, and Arkansas were defined using the log-Pearson Type III distribution. The resulting flood discharges for the 2 to 500 year recurrence intervals are tabulated along with statistically significant basin characteristics. These flood discharge data were regressed against drainage area and main-channel slope using ordinary least-squares regression techniques to develop a set of statewide regression equations for Missouri. The spatial distribution (geographical patterns) of the statewide regression equations residuals indicated that the State be divided into three hydrologic regions (I, II, and III) along physiographic boundaries. Generalized least-squares regression equations were developed for estimating the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year flood discharges in Regions I, II, and III at gaged or ungaged sites on unregulated streams in rural Missouri.
Regions I and II ordinary least-squares regression analyses indicate that drainage area and mainchannel slope were the statistically significant basin characteristics. The generalized least-squares regression equations were developed from 261 selected Table 3 . Generalized least-squares regression equations for estimating 2-to 500-year flood discharges on unregulated streams in rural Missouri Summarystreamflow-gaging stations with drainage areas ranging from 0.13 to 11,500 square miles and 0.13 to 14,000 square miles, and main-channel slopes ranging from 1.35 to 150 feet per mile and 1.20 to 279 feet per mile. Standard errors of estimate for the regression equations ranged from 32 to 43 percent and 30 to 42 percent. Region III ordinary least-squares regression analyses indicate drainage area is the only statistically significant basin characteristic. The generalized leastsquares regression equations were developed from 17 selected streamflow-gaging stations with drainage areas ranging from 0.48 to 1,040 square miles. Standard errors of estimate for the regression equations ranged from 32 to 49 percent. 1953-73 1922-93 1956-84 1953-73 1922-72, 1976, 1978-93 1922-93 1931-61, 1963-76, 1978-86 1955-79 1946-93 1929, 1931^2 1933, 1935^93 1937-73, 1975-84 1935-93 1960-79 1937, 1939-42, 1948-61 1975-93 1928, 1931-72 Drainage area (mi2) Mo. oo" p»" o" cs" co" so" i-T co" so p-so oo so in ^ " cs" <n" oT oT co" 
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